. A genomic DNA library of Anopheles aquasalis Curry was screened for clones that hybridized more intensely to DNA from A. aquasalis than to DNA from A. benarrochi Gabaldon, Cova Garcia, and Lopez, A. konderi Galvao and Damasceno, A. nuneztovari Gabaldon cytotypes A, B, and C, A. oswaldoi (Peryassu), A. rangeli Gabaldon, Cova Garcia, and Lopez, or A. trinkae Faran. Two specific clones (2.5 kilobasepairs [kbp] and 3.0 kbp) from A. aquasalis were isolated. Both A. aquasalis-specific clones were from the intergenic spacer region of the ribosomal RNA (rRNA) cistron. Upon digestion with Rsa I, a 900-bp fragment from the clone AA-1 hybridized specifically to A. aquasalis DNA. Analysis of the DNA sequence of this fragment revealed four tandemly repeated 36-bp units. Three of these repeat units were identical, and the fourth was 94% identical to the others. The DNA sequence of a highly conserved region of these repeats was used to synthesize an oligonucleotide probe specific to A. aquasalis.
Anopheles aquasalis Curry (subgenus Nyssorhynchus) is an important vector of malaria throughout the coastal regions of South America and on several Caribbean islands. 1, 2 This mosquito is especially important in the transmission of malaria in Brazil, French Guiana, Suriname, Guyana, and Venezuela. Variable morphologic, ecologic, and genetic characteristics of this species led to speculation that A. aquasalis is a species complex 3,4 , but Faran 5 considered it a highly polymorphic species.
Despite taxonomic revisions of two subdivisions of the subgenus Nyssorhynchus, 5, 6 the identification of adult females of A. aquasalis using morphologic characters is problematic. When using the most recently published taxonomic key, the females of A. aquasalis can be confused with A. benarrochi Gabaldon, Cova Garcia, and Lopez, a sympatric species in some regions. 7 Anopheles aquasalis can be distinguished from morphologically similar species of the subgenus Nyssorhynchus by examination of the male genitalia, 5 by restriction enzyme patterns of mitochondrial DNA, and by allozyme analysis.
In the present report, we describe the isolation and sequence of a DNA probe that can be used for the identification of A. aquasalis. The availability of DNA probes is particularly important in the case of anopheline mosquitoes because they are often found to be complexes of sibling species with similar morphologic characters. 8 However, sibling spe-FIGURE 1. Collection sites for the mosquitoes used in the genomic library construction and testing of oligonucleotide probes. The codes for the collection sites are from Table 1. cies can be quite different in host preference and malaria vector competence. 9 An example is the genetic and behavioral differences found in sibling species of the Anopheles gambiae Giles complex, [10] [11] [12] [13] where DNA probes have been quite useful for identification. 14, 15 MATERIALS AND METHODS All of the mosquitoes were F 1 progeny of field-collected adult females that were provisionally identified using an existing taxonomic key. 7 Anopheles aquasalis were collected resting on the inside walls of cattle stables, and field collections of other species were made from human bait. Collection sites and dates are summarized in Table 1 and Figure  1 . Identifications of the mosquitoes selected for the construction of genomic libraries were verified by morphologic characters, examination of polytene chromosomes from salivary glands of larvae, mitochondrial DNA restriction patterns, or allozyme analysis.
Genomic DNA of the mosquito species was extracted 16 as previously described. Plasmid DNA was prepared by either alkaline lysis 17 or the boiling method. 18 Phage DNA was prepared and purified according to routine procedures. 19 Restriction enzyme digests, electrophoresis of DNA fragments, Southern blotting, plaque lifts, and filter hybridizations were carried out using standard procedures. 16, 19 The DNA was radiolabeled using 32 P-dCTP and random primers labeling kit (Life Technologies, Gaithersburg, MD) according to the manufacturer's recommendations.
A genomic library of A. aquasalis was constructed using the GEM-4 vector (Promega Corporation, Madison, WI). Genomic libraries were packaged into phage particles using Packagene packaging extracts (Promega Corporation).
The genomic library of A. aquasalis was plated to yield approximately 2,000 plaque-forming units per plate, and two plaque lifts were made. One plaque lift was hybridized with 32 P-labeled genomic DNA of A. aquasalis and the other was probed with a mixture of 32 P-labeled genomic DNA from A. konderi Galvao and Damasceno, A. nuneztovari Gabaldon cytotypes A, B, and C, A. oswaldoi (Peryassu), A. rangeli Gabaldon, and A. trinkae Faran. Autoradiograms of the two plaque lifts were overlapped and checked for any plaques hybridizing strictly to the DNA from A. aquasalis. Plaques that showed specificity to A. aquasalis were obvious when the resulting autoradiographs were compared.
The DNA sequences of the ends of each species-specific clone were determined by the method of Sanger and others, 20 using either Sequenase 2.0 (United States Biochemicals, Cleveland, OH) or cycle sequencing with the f-MOL sequencing kit (Promega Corporation). The DNA sequence data were analyzed using the Genetics Computer Group software package 21 and the Basic Local Alignment Search Tool (BLAST). 22 An oligonucleotide probe was synthesized at the Interdisciplinary Center for Biotechnology Research, University of Florida (Gainesville, FL) using the DNA sequence information obtained from subclones. The oligonucleotide probe was end-labeled with 32 P using polynucleotide kinase (Promega Corporation). Quick blots 23 were made from A. aquasalis, A. benarrochi, A. konderi, A. nuneztovari cytotypes A, B and C, A. oswaldoi, A. rangeli, and A. trinkae to test the species-specificity of the oligonucleotide probes.
RESULTS
Two clones (AA-1 and AA-2) with specificity for A. aquasalis were selected from the genomic library after screening approximately 20,000 plaques. Excision of the inserts of these two clones using Eco RI and Xba I showed that AA-1 is a 2.5-kilobasepair (kbp)-insert and AA-2 is a 3.0-kbp insert.
Preparations of DNA of AA-1 and AA-2 were then digested with 32 different restriction enzymes. Southern blots showed that Rsa I produced a highly specific fragment (900 bp) from the A. aquasalis clone AA-1. This fragment was subcloned into the Sma I site of plasmid vector pK19. Partial DNA sequence of the subclone designated AA-1-1, which contained three identical repeat units of 36 nucleotides (nucleotide positions 230-255, 332-367, and 435-469) within 470 nucleotides, is shown in Figure 2a . A fourth repeat unit (nucleotide positions 197-229, Figure 2a ) of 33 nucleotides showed high homology (94%) with the other three repeats.
Twenty-two nucleotides from the conserved regions of the repeat sequences (Figure 2b ) were selected to synthesize an oligonucleotide probe. When DNA dot blots of selected spe- cies of the subgenus Nyssorhynchus (Table 1) were probed with the oligonucleotide probe, A. aquasalis was detected, and a slight cross-hybridization was seen for some of the specimens identified as A. konderi (collected from Costa Marques, Brazil). This result was somewhat unexpected because Costa Marques is in the interior of Brazil, close to the border with Bolivia, while A. aquasalis is a coastal species. It was not possible to determine whether the few specimens that cross-hybridized with the probe are in fact A. konderi or some other species phylogenetically related to A. aquasalis.
The hybridization temperature of the oligonucleotide probe of A. aquasalis was optimized by incubating identical dot blots at different temperatures for 4 hr. The optimal hybridization conditions for this oligonucleotide were 52ЊC in a solution containing 5ϫ SSPE (0.75 M NaCl, 50 mM NaH 2 PO 4 , 5 mM EDTA, pH 7.4) , 1% sodium dodecyl sulfate (SDS), and 1% nonfat dry milk for 4 hr. After optimal hybridization conditions were achieved, the washing conditions were optimized to remove nonspecific hybridization to heterologous species. An optimal signal was obtained by washing the blots three times at 50ЊC in a 2ϫ SSPE, 0.2% SDS solution for 10 min (per wash) and then washing twice with 0.5ϫ SSPE, 0.2% SDS at 50ЊC for 10 min (per wash). An autoradiogram of a dot blot prepared under those conditions is shown in Figure 3a . The same dot blot was stripped by boiling in 1ϫ SSPE and 0.1% SDS for 5 min with constant shaking and then reprobed with ribosomal DNA of Anopheles smaragdinus 24 to show the presence of equal amounts of genomic DNA in each dot (Figure 3b ).
Restriction endonuclease digestions of A. aquasalis clones AA-1 and AA-2 revealed almost identical restriction patterns, except that AA-2 was about 500 bp larger than AA-1. These two clones contained multiple Apa LI sites that produced fragments of approximately 100-bp upon digestion. Clone AA-2 produced Apa LI patterns identical to AA-1 except that the 100-bp fragment band stained more intensely, which led to the conclusion that the extra 500 bp found in AA-2 probably contained extra Apa LI repeats. We also found that the DNA sequences from the ends of the inserts of AA-1 and AA-2 were identical. One end of the DNA sequences of these two clones showed a high similarity to the 3Ј end sequence of the 28S rRNA gene of A. gambiae 10 and Aedes albopictus 25 (Figure 4 ), which indicates that these clones originated from the intergenic spacer of the rRNA cistron.
DISCUSSION
In several species of Diptera, including Drosophila melanogaster, D. virilis, and Calliphora erythrocephala, the intergenic spacer region of the rDNA clusters contain a series of short repeat units. 26 Similar repetitive units have also been reported for the mosquito A. albopictus. 27 It has been suggested that these repeat sequences in Drosophila, Daphnia, Rattus, and Xenopus play a role in transcription enhancement of rDNA units. [28] [29] [30] [31] [32] The specificity of the repetitive DNA found within the intergenic spacer of the rRNA cistron is perhaps important for the development of specific probes for other species of the subgenus Nyssorhynchus.
When dot blots of all the available species of the subgenus Nyssorhynchus were probed with AA-1, it showed specificity to A. aquasalis from such diverse populations as Mage (Brazil) and Morón (Venezuela). It was concluded that the 36-bp repetitive elements found in A. aquasalis were not present in the other species of mosquitoes of the subgenus Nyssorhynchus tested in the present study. Use of the probe will distinguish A. aquasalis and A. benarrochi, which have overlapping distributions around Lake Maracaibo in western Venezuela. The probe also was useful for separating A. oswaldoi, which has many morphologic characteristics similar to A. aquasalis. 5 Since the cross-hybridization occurred only with mosquitoes from inland Brazil, where A. aquasalis does not occur, and the optimization of the hybridization conditions essentially eliminated the cross-hybridization, it will not interfere with detection of A. aquasalis by the oligonucleotide probe. The A. aquasalis probe will be useful in future population genetic and epidemiologic studies for positive identification of this species in combination with other probes developed for detection of malaria parasites 33, 34 and the types of blood meals ingested by the mosquitoes. 35, 36 FIGURE 4. Alignment of the nucleotide sequence from the 3Ј end of the 28S rRNA coding region of Aedes albopictus and Anopheles
